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GEnEral IntroDuctIon
Renal cell carcinoma is the most malignant and lethal of all urological cancers. In the 
past it was called “the tumour of the internist” because it was most often diagnosed in 
an advanced stage, reflecting the silent nature of this disease. 

The incidence of renal tumours is increasing globally [1]. Since 1973, the incidence 
and death rate in the United States, has increased by 43% and 16%, respectively [2] 
whereas it is estimated that 57,760 new cases and 12,980 deaths will occur in 2009 [3]. 
The increased incidence of kidney cancer is most likely attributable to two observations: 
first, a true increase in incidence and increased detection due to the accessible use of 
abdominal imaging. Second, most of the increased incidence was that of incidentally 
found, small, low stage tumours [4;5].  

On the contrary, the incidence and death rate of renal tumours in the Netherlands 
has been stable since the nineties (www.ikcnet.nl). In the year 2005, the incidence of 
renal tumours was 12.9 and 8.4 cases per 100,000 inhabitants for male and females 
respectively. The death rate was 6.3 and 4.6 cases per 100,000 inhabitants respectively. 

RCC is the most common form of kidney cancer. It is a heterogeneous family of 
tumours originating from the different components of the nephron [6]. Clear cell 
RCC and papillary RCC originate from the proximal tubule, just like the benign 
metanephric adenoma. Chromophobe RCC and collecting duct RCC originate from 
the convoluted tubule. Renal oncocytoma, which is a benign tumour, also originates as 
chromophobe RCC from the intercalating cells of the distal renal tubule. Table 1 shows 
the latest WHO Classification of main adult kidney tumours [7]. Recently, the 2004 
WHO classification of the renal epithelial neoplasms has replaced the previous 1998 
WHO classification. The 2004 WHO classification is based on pathology and genetic 
abnormalities. To improve the recognition of renal subcategories, the description has 
expanded and new diagnostic categories are included. Recognizing these categories 

in surgical specimens, biopsies, or 
punctures has important implications 
in the clinical management of patients, 
as the different subtypes have different 
clinical outcomes, and show different 
response to therapy.  

Until now, diagnostics and the 
decision to perform nephrectomy are 
based on imaging only in the majority 
of cases. Despite the development of 
advanced imaging modalities including 
US, CT or MRI, they cannot always 
differentiate between malignant and 
benign renal tumours [8]. However, a 
greater number of indeterminate renal 

table 1 The 2004 WHO classification of the renal 
epithelial neoplasms.

rcc subtype Incidence 

Clear cell 75%

Multilocular cystic Rare

Papillary 10%

Chromophobe 5%

Collecting ducts of Bellini 1%

Medullary Rare 

Xp11 translocation Rare

After neuroblastoma Rare

Mucinous tubular and spindle cell Rare 

Unclassified 4-6%
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masses with smaller tumour size are being detected. These incidentally found, small 
tumours have usually favourable histopathological characteristics. With decreasing 
tumour diameter the odds of having a benign and low-grade tumour increases [9]. 
Moreover, institutional studies in the United States show that a significant number of up 
to 30.4% of resected tumours ≤ 4.0 cm is benign [9;10], resulting in a high percentage 
of unnecessary surgery for patients. A more accurate pre-operative diagnostic modality 
would be preferable such as the application of CB or FNAC, but the use for these 
techniques is still controversial and uncommon [11-20], mainly because of conflicting 
results regarding its accuracy and applicability. Especially, FNAC is not performed on 
a routine basis in many institutions because (cyto)pathologists are not experienced in 
this particular field. Because of this therapeutic dilemma, there is a need and a trend in 
the urological community to perform biopsies before surgical treatment. 

Surgery, open or laparoscopic, is the leading curative treatment for localized renal 
cancer. Open radical nephrectomy has been the gold standard for the treatment of renal 
tumours. However, there is a trend away from open surgery toward minimally invasive 
therapies. In the nineties, the laparoscopic radical nephrectomy was introduced [21]. 
The technique has evolved enormously over the past decade. Laparoscopic radical 
nephrectomy has become the best tolerated approach for localized tumours that are 
not amendable to nephron-sparing surgery (NSS) [22].

NSS i.e. partial nephrectomy is a technique first initiated and elaborated in 
Europe [22]. It was first applied in patients with absolute indications, to avoid 
anephria in patients after radical nephrectomy (either anatomically or functionally) 
and thus dependent on dialysis. However, NSS has evolved and it is currently more 
frequently applied in an elective setting, thus in patients with a small renal mass in 
the presence of normal contralateral kidney, because recurrence-free and long-term 
survival rates are similar to those treated by radical nephrectomy [23;24]. Therefore 
NSS should be more often being considered the gold standard for renal tumours 
≤ 4.0 cm [25]. Moreover, renal function is preserved due to the nephron-sparing 
principle, especially in patients with impaired renal function. Nevertheless, partial 
nephrectomy is technically more challenging and is associated with increased peri-
operative complications [26]. Partial nephrectomy is therefore not practiced by all 
urologists [27]. 

NSS can be performed open or minimally invasive. Minimally invasive NSS 
can be performed by excision (laparoscopic partial nephrectomy), probe ablation 
(cryotherapy and radiofrequency ablation), and noninvasive ablation (high-intensity 
focused ultrasound). Ablation therapy is considered to have less morbidity than 
radical or partial nephrectomy. However, a disadvantage of the ablatives procedures 
is the lack of surgical specimen and therefore the need for close follow-up. As 
mentioned before, up to 30.4% of resected tumours ≤ 4.0 cm is benign and need no 
follow-up. Lack of histology could result in unnecessary follow-up in these patients. 
Pathological diagnosis depends on pre- or peri-operative biopsies, when taken.
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Prognosis depends on the extent of the tumour and metastasis at the time of 
primary diagnosis. The TNM classification system, proposed by the International 
Union Against Cancer and AJCC is the method of stratifying patients with renal cancer 
[28]. It has replaced the 40-year-old Robson classification because of the changing 
patterns of diagnosis and therapy. The aim and use of the TNM classification system is 
to aid physicians to help with the choice of treatment and give patients an indication of 
prognosis. The TNM staging system for RCC is revised according to the latest evidence 
from new clinical studies to improve its prognostic accuracy. The TNM classification 
system for renal tumours was changed several times until now.  Table 2 shows the latest 
TNM classification system of 2002. The change with the previous TNM classification 
system of 1997 was the subdivision of T1 tumours into two categories (pT1a and pT1b) 
using a 4-cm cut-off for tumour diameter. The aim of this change was the selection of 
patients suitable for elective NSS. The cancer-free survival was significantly better in 
patients with tumours ≤ 4.0 cm compared to patients with tumours > 4.0 cm, following 
NSS for localized sporadic RCC [29]. 

As mentioned before, stage predicts relative survival for patients with renal cancer. 
An analysis of the National Cancer Data Base in the United States, presented a greater 
proportion of patients with stage I disease (classified by AJCC stage) compared to earlier 
years. An explanation of this stage migration is likely the increased and widespread use 
of cross-sectional imaging [30]. The migration towards lower stage has not yet resulted 
in a decreased mortality, most probably because of lead-time and length biases [31]. 

table 2 2002 TNM classification system of renal tumors. 

staging classification 2002

Tumor T1a Tumor ≤ 4 cm, limited to the kidney

T1b Tumor > 4 cm and ≤ 7 cm, limited to the kidney

T2 Tumor > 7 cm, limited to the kidney

T3 Tumor extends into major veins or invades adrenal or perinephric tissues, but 
not beyond Gerota’s fascia

T3a Perinephric or sinus fat or adrenal extension

T3b Renal-vein or vena-cava involvment below diaphragm

T3c Vena-cava involvement above diaphragm

T4 Outside Gerota’s fascia

Node Nx Regional lymph nodes cannot be assessed

N0 No regional lymph node mestasis

N1 Metastases in one regional lymph node

N2 Metastases in more than one regional lymph node

Metastases Mx Distant metastases cannot be assessed

M0 No distant metastases

M1 Distant metastases
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In the Netherlands, data of stage migration and survival for patients with renal 
cancer are not available yet. 

In patients with mRCC, nephrectomy and removal of metastatic lesions can improve 
clinical prognosis [32]. RCC is in generally resistant to chemotherapy and radiotherapy. 
Systemic therapies for mRCC as cytokine-based therapy and targeted drugs as 
angiogenesis inhibitors can be beneficial in selected patients. Angiogenesis inhibitor 
drugs are the novel promising agents since there is an increasing understanding of the 
molecular biology of RCC. Overall, treatment of mRCC is moving from the cytokine 
area to the targeted era [33]. Angiogenesis inhibitors and immunotherapy seem to have 
their mechanism of action particularly on clear cell RCC [32;34]. CB and FNAC could 
select patients with this subtype before starting treatment with these agents, but as 
mentioned before, its use is highly controversial. 

Thus, several changes in the presentation, diagnosis, and treatment of renal tumours 
have taken place during the past years. First, due to the widespread use of non-invasive 
abdominal imaging there is dramatic increase of (incidentally discovered) small 
renal tumours with favourable histopathological characteristics. second, because the 
current imaging techniques cannot distinguish malignant tumours from benign, an 
overtreatment of patients with benign renal tumours is expected. Third, more small 
tumours are treated by elective NSS and minimally invasive techniques instead of 
radical nephrectomy. Fourth, the impact of tumour size on patient survival has led 
to a change in the TNM classification system.  Fifth, new knowledge of pathological 
and genetic abnormalities has led to changes in the subclassification of renal tumours. 
Finally, recent advances in the understanding of the molecular biology of RCC have 
led to novel agents for systemic treatment of mRCC.  

aIms oF thE thEsIs
This thesis is focussing on the above changes in stage at presentation and the diagnostic 
role of TCB and FNA. The aim of the first part of the thesis was to evaluate whether 
the first three changes, increase of small tumours with favourable histopathological 
characteristics, overtreatment of benign tumours, and the use of NSS, are also witnessed 
in the Netherlands in the past decade. The aim of the second part of this thesis was 
to study the role of CB and FNAC as a potential preoperative diagnostic modality to 
prevent overtreatment of benign renal tumours or as a diagnostic modality in selecting 
patients for systemic therapy.   
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outlInE oF thIs thEsIs
Part 1
First, the epidemiology of renal tumours is discussed and summarized in chapter 1. An 
overview of the incidence, mortality, and survival are reviewed. Furthermore, the risk 
factors of renal tumours are discussed. 

Subsequently, this part of thesis will discuss the two analyses of all surgically treated 
primary renal tumours in the Netherlands during the period 1995-2005. Both analyses 
were performed with data from PALGA a nationwide histo- and cytopathology network 
and archive in the Netherlands [35]. 

The first analysis in chapter 2 was conducted to evaluate possible changes in the 
pathological characteristics and stage of primary renal tumours and their surgical 
management. The second analysis in chapter 3 assessed the pathological characteristics 
of renal tumours ≤ 4 cm surgically managed in the Netherlands and trends in the type 
of surgery and pathology reporting during the same decade. 

Part 2
In the second part of this thesis, the accuracy and applicability of CB and FNAC are 
discussed. The current practical applications, indications, procedure, and complications 
are reviewed for CB and FNAC in chapter 4. 

In chapter 5, a global impression of the current use of NSS in the treatment of renal 
tumours and the use of CB or FNAC are given. One thousand questionnaires were 
distributed among endo-urologists during the 23rd World Congress of Endourology. In 
this chapter it appears that NSS is evolving to a global worldwide standard treatment 
for small renal tumours. However, percutaneous needle biopsies are a highly debated 
procedure.  

Renal tumours can be heterogeneous in their cell composition. Since the material 
obtained by a CB is scarce and represents only a small part of the renal tumour, features 
as vaso-invasion, capsule invasion, or dedifferentiation of cell morphology can be 
missed in CB. Therefore, the diagnostic problems in the subtyping of uncommon renal 
tumours, experienced by different pathologists are evaluated in chapter 6, in order for 
the build-up of the possible implementation of CBs in the diagnostic algorithm of renal 
masses. A single HE-stained slide from 28 selected renal tumours was independently 
assessed.

With the knowledge of chapter 7, the diagnostic accuracy, interobserver and 
intraobserver variability of CB was assessed in chapter 7. The TCB were taken in-bench 
under direct vision of the renal tumour, to create a study under optimal conditions. 

In chapter 8 the diagnostic accuracy, interobserver and intraobserver variability 
of FNAC was evaluated to ascertain if renal cytology has potential in the diagnosis of 
renal tumours. To some extends this study had the same design with the exception that 
the pathologists had little experience in renal cytology. 
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Finally, the most recent literature concerning renal mass biopsy with special 
consideration to three points, 1: variation in results related to the standard used as 
comparison, 2: biopsy in small renal masses (up to 4 cm of diameter) and 3: the case for 
non diagnostic biopsy, were reviewed in chapter 9.     

The results of this thesis will be discussed in the chapter discussion and future 
perspectives. At last, this thesis will be closed by the chapter summary and conclusions. 
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